Objective: Although waist circumference and body mass index have been reported to be risk factors in several diseases, there are few avalaible data on the relationship between waist circumference and carpal tunnel syndrome. We aimed to evaluate the relationship between waist and wrist circumferences, and body mass index in patients with carpal tunnel syndrome. Materials and Methods: One hundred consecutive patients with carpal tunnel syndrome and 100 healthy volunteers were included in this study. Neurological examination and nerve conduction were performed. The patients and controls were compared in terms of age, sex, body mass index, wrist circumference, and waist circumference. Results: The means of the waist and wrist circumferences and body mass index were significantly higher in patients than in controls (p=0,0001). There were statistically significant correlations between carpal tunnel syndrome and body mass index as well as waist and wrist circumferences of the patients (r=0.285, p<0.001; r=0.213, p=0.002; r=0.182, p=0.010 respectively). Morever, there were statistically significant differences in the wrist and waist circumferences between controls and patients with moderate to severe carpal tunnel syndrome group (p<0,05). Conclusion: Our study showed significant relationship between carpal tunnel syndrome and the wrist and waist circumferences of patients. Thus, the roles of visceral and total body fat in carpal tunnel syndrome should be considered in future studies. Measuring waist and wrist circumference is a simple and inexpensive method that can be used in studies on carpal tunnel syndrome in addition to body mass index. Key Words: Carpal Tunnel Syndrome; Body Mass Index; Wrist Circumference; Waist Circumference; Age.
Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy in the general population, resulting from a compression of the median nerve at the level of the carpal tunnel (1) . Some epidemiological studies have been carried out to identify risk factors for CTS. The most consistent risk factors identified in these studies have been gender (female), obesity, high body mass index (BMI, weight in kg/height² in meters), age (over 30), and repetitive motor activity (1) . In addition to these factors, certain medical conditions like diabetes mellitus, thyroid disease, connective tissue disorders, amyloidosis, acromegaly, and pregnancy have also been accepted as risk factors for developing CTS (2) . For instance, Werner et al. have found that BMI>29 was an independent risk factor for CTS (3) .
Some studies have investigated the relationship between BMI, wrist circumference, and wrist ratio in CTS (4) (5) (6) (7) (8) . Wrist ratio (wrist depth to wrist width ratio) was reported to be an independent risk factor for CTS (3, 7, (9) (10) . Wrist circumference was examined in a number of studies but the results were controversial. Whereas some studies reported no significant relationship between wrist circumference, carpal tunnel size, and presence of CTS (4, 11) , other studies reported a significant relationship between wrist circumference and CTS (7, 8) .
Waist circumference has been widely used as a simple anthropometric index to measure the degree of central obesity (12) . Increased waist circumference independent from BMI was strongly associated with risk factors for many systemic diseases such as cardiovascular diseases, metabolic syndrome, and type 2 diabetes (13) (14) (15) . Waist circumference is also one of the preferred predictors of these disorders (15) (16) (17) (18) (19) . Although waist circumference has previously been reported as a risk factor along with BMI in several diseases, there is few avalaible data on the relationship between waist circumference and carpal tunnel syndrome.
In this study, we aim to evaluate the relationship between waist and wrist circumferences, and BMI in CTS since waist and wrist circumferences are simple anthropometric methods.
Subjects and evaluation
This case-control study was conducted between September 2009 and September 2010.
All patients were consecutively admitted to the Department of Neurology at the Faculty of Medicine, Inönü University. This study was performed in accordance with the Declaration of Helsinki. After a detailed explanation of the study, all subjects agreed to give their written informed consent.
One hundred patients with CTS and 100 control subjects were included in this study.
CTS
was diagnosed both clinically and electrophysiologically.
Typical clinical symptoms (nocturnal pain, paresthesia or numbness in the hands, symptoms provoked by sleep, and activity-related pain and paresthesia) and the presence of neurological deficits were evaluated.
All patients underwent neurologic examination. Both hands were examined for motor deficits, thenar atrophies, and sensory involvement in the area innervated by the median nerve. Tinnel's and Phalen's provocation tests were also performed. We did not rely solely on these tests to detect CTS. The diagnosis was based on typical clinical presentation, whether patients responded to non-surgical treatment without other evident neurological deficits, and appropriate electrophysiological findings.
In order to restrict our study to patients with purely idiopathic CTS, we excluded all patients with diabetes mellitus, rheumatoid arthritis, chronic renal failure, gout, thyroid diseases, hyperlipidemia, and history of wrist's fractur or space-occupying lesions.
Electrophysiological examination
Standart nerve conduction studies (NCS) were performed with a Medelec-Oxford Synergy EMG machine (Oxford Instruments Medical, Surrey, UK) using a filter setting of 20 Hz-10 kHz and an analysis time of 50 ms. Impulses were recorded using surface electrodes. Conduction studies were performed in a warm room, such that the skin temperature of the extremities registered at 32ºC or above. Skin temperature was measured at the site where nerve conduction velocity measurements (NCV) were taken.
Median motor and sensory (finger-wrist, wrist-elbow) nerve conduction velocities were measured in the bilateral upper extremities using the method described by Oh (20) . We also performed both motor and sensory conduction studies of the ulnar nerve. Patients with abnormalities in ulnar motor or sensory conduction were not included in the study.
The electrophysiological criteria for the diagnosis of CTS were based on the parameters for electrodiagnostic studies established by the American Academy of Neurology, the American Association of Electrodiagnostic Medicine, and the American Academy of Physical Medicine and Rehabilitation (21) .
Electrophysiological abnormalities were classified according to the severity of CTS into five stage scales: stage 1; abnormal segmental or comparative studies, stage 2; abnormal finger/wrist sensory conduction velocities, stage 3; abnormal finger/wrist sensory conduction velocities, and abnormal distal motor latencies, stage 4; absence of sensory response and abnormal distal motor latency, stage 5; absence of sensory and motor responses (22, 23, 24) . Based on the electrophysiological staging, since the number of patients in the subgroups varied greatly, the groups at stage 1 and 2 were unified as the mild CTS patients; the groups at stages 3, 4, and 5 were combined and organised as moderate-severe CTS patients. Their statistical comparisons were evaluated over three groups including the control group as well.
Control group
The control group was selected from among the healthy volunteers.
The same procedures regarding examinations and evaluations were applied for each of the subjects in the control group. The control subjects did not have any clinical manifestations suggestive of CTS. On neurological examination, all control subjects were normal. Their nerve conduction studies were performed as described above. The exclusion criteria for the study group were also used for the control group.
Assessment of variables
The following clinical variables were recorded: age, gender, height, body weight, circumference of wrist, and circumference of waist.
BMI was calculated as bodyweight divided by the square of height (kg/m 2 ).
MATERIAL and METHODS
Wrist circumference was measured on the side of hand which performed NCS in the patients with CTS. In the control group, wrist circumference of the dominant hand was measured, and NCS was carried out. Weight, height, wrist, and waist circumferences were recorded twice for each individual by trained personnel following WHO's recommendations (19) .
The patients with CTS and controls were compared in terms of age, gender, BMI, circumference of wrist, and circumference of waist. Comparison of clinical variables between the electrophysiologically evaluated CTS subgroups and controls No significant difference in terms of age or gender was observed in classified subgroups that have been identified as moderate-severe CTS and mild CTS groups compared to the control group (p: 0.677 and p: 0.309, respectively).
Statistical Analysis
However, there was a statistically significant difference between the three groups with regards to BMI, waist, and wrist circumferences (p<0.001, p:0.008 and p:0.005, respectively). When the pairwise comparison was carried out, there was a statistically significant difference for BMI and waist circumferences between the control and patients' groups (p<0.05) albeit no statistically significant difference was found between the mild CTS group and the moderate-severe CTS group (p>0.05). Again, there was statistically significant difference for wrist and waist circumferences between the control and moderatesevere CTS groups (p<0.05), but no statistically significant difference was found between the mild CTS group and the other groups (p>0.05). Comparison of clinical variables between groups is presented in Table  2 . Our study showed that increased waist and wrist circumferences are associated with CTS besides higher BMI. The relationship between obesity and higher BMI with CTS has been reported previously (1, 3, 5) . Although BMI was related to total body fat, waist circumference reflected central obesity or visceral fat. In general population, waist circumference was noted to be a reliable predictor of visceral fat and vascular risk profile. Balcı et al. have reported that metabolic syndrome, which is related to waist circumference, was found to be three times more common in patients with CTS, and CTS was more severe in patients with metabolic syndrome when compared with those without metabolic syndrome (25) . The present study shows that waist circumference and BMI are associated with all subgroups of CTS when compared to the control group. It seems that central obesity and total body fat may have a similar role in CTS.
RESULTS
In the literature, the association between obesity and higher BMI was explained to be due to increased fat deposition in the carpal tunnel as mechanical compression (1, 3, 7) . The accumulation of fat tissues in the carpal tunnel probably increases the hydrostatic pressure due to the translocation of blood volume from the legs to the arms in the recumbent position as well as synovial thickening in obese people through the canal compresses the median nerve (2, 3, 7) . On the other hand, the other theory in the pathogenesis on CTS is microvascular insuffiency (26) . There are few studies on the relationship between microvascular disturbance and waist circumference (27, 28) . Kramer Aguiar et al. have reported that microvascular dysfunction could be predicted by waist circumference on young overweight/obese women, reinforcing the relationship between obesity related microvascular/metabolic disturbances (27) . We think that our findings on the relationship between waist circumference and CTS support the microvascular insuffiency theory in the pathogenesis of CTS along with the mechanic compression theory. Future studies on the association between vascular risk profile and CTS are needed to reinforce data presented on our population.
Whereas waist circumference and BMI were associated with all subgroups of CTS electrophysiologically, wrist circumference was associated with the moderete-severe CTS group in our study. There are few studies in the literature focusing on the association between wrist circumference and CTS. Mogk and Keir have studied the carpal tunnel measurement in three-dimensional models with MRI, and reported a significant relationship between wrist circumference and carpal tunnel crosssectional area (8). Bleecker et al. have identified no significant relationship between wrist and carpal tunnel dimensions (4). Moghtaderi et al. have found that lesser wrist circumference reveals significant statistical difference while comparing all cases with CTS and normal controls, and wrist circumference was not significantly associated with the presence of CTS. They also reported that disease severity was not significantly associated with sex, BMI, wrist ratio, or circumference (7). On the other hand, in the present study, wider wrist circumference in moderete-severe CTS group was found statistically significant in the control group, which could be explained by mechanic compression. Komurcu et al. have reported that the waist circumferences of groups with mild, medium, and severe CTS severity were found to be significantly higher in comparison to the normal DISCUSSION reference group (29) . Mondelli et al. have identified that high waist circumference/waist-to-hip-ratio doubles the risk of CTS as this risk is further increased if overweight/obese subjects also have very high waist circumferences or high waist-to-hip-ratios (30) . Moreover, Plastino et al. have reported that waist circumference and body mass index were significantly increased in the CTS group (31) .
The limitation of our study is the fact that wrist ratio was not used along with wrist circumference. In this study, wrist circumference was prefered since it was a simple and inexpensive measurement method like waist circumference. Further investigation with alternative tecniques will help to identify the potential relationship between wrist circumference and carpal tunnel size and CTS. Another limitation of the current study is the use of electrophysiological findings rather than clinical diagnosis to categorise the patients into mild and moderate-severe CTS groups.
Although the relationship between BMI and CTS was important and well-known, our study showed that there was a statistically significant relationship between CTS and circumferences of wrist and waist, as well. The role of visceral and total body fat in CTS should also be considered in the future studies. Evaluating waist and wrist circumferences along with BMI may be simple and inexpensive method that can be used in studies on CTS.
